Background In the outpatient setting, pain management is often inadequate in patients with cancer-related pain, because of patient-and professional-related barriers in communication and infrequent contacts. The internet may provide new opportunities for monitoring these patients. Purpose The purpose of this study was to investigate whether internet monitoring of cancer-related pain in outpatients was feasible. Methods We developed an internet application that contained a pain diary, eConsult, and patient pain education. In the pain diary, patients scored their pain intensity (0-10 Numeric Rating Scale) and analgesic use daily and their side effects twice a week. Feasibility was defined as the percentage of diaries patients completed during the first 6 weeks. Results We included 100 outpatients. Sixteen were not evaluable due to cognitive problems (2); withdrawal of participation (2); internet problems (2), or because they were too ill (10). During the first 6 weeks, 60% of 84 evaluable patients completed their diary for at least 65% of the days (median number of diaries, 21; range, 3-42) and asked for a median of five eConsults (range, 0-37). Patients most frequently used an eConsult for questions about pain or side effects, how to use their analgesics and to improve their self-management. Over the 6-week period, current pain intensity decreased from 3.3 (SD = 2) to 2.5 (SD = 1.6, p = 0.005), and worst pain intensity decreased from 5.7 (SD = 2) to 3.8 (SD = 2.0, p < 0.001). Conclusion Internet monitoring of pain is feasible in most outpatients with cancer-related pain. The frequent use of the pain diary in the majority of patients indicates that those patients felt confident with the regular assessment of pain.
Introduction
In patients with cancer, pain is one of the most frequent and fearsome symptoms. In the ambulatory setting, half of the patients reported that they were in pain and approximately 20% that they had moderate to severe pain. Patients treated with a palliative intention reported significantly more frequent that they were in pain and that they had moderate to severe pain than patients treated with a curative intention [1, 2] . In addition, pain management was inadequate in half of the patients with cancer-related pain [3, 4] . This seems to be related to both professional-and patient-related barriers regarding communication [5] . Professionals do not always ask for pain and do not always have adequate knowledge of pain management. Patients have various concerns and misconceptions about pain and analgesics, and the communication about their pain to professionals is poor [5] . This is especially important in the ambulatory setting. Pain assessment takes place at the outpatient clinic and relies on retrospective patient recall. As a result, timely adjustment of pain management is delayed. When patients are at home, they have to take a more active role in monitoring and communicating about their pain. Thereby, patients do not always know when to contact a professional and which professional they have to call.
The internet enables the monitoring of patient-reported symptoms in real-time. There is evidence for the added value of eHealth on cancer patients' knowledge and information competence [6] . However, the effect on other patient reported outcomes is inconsistent [6, 7] . Most studies only used the internet to collect patient data; they did not give feedback to the patient and therefore did not enable additional dialog between patients and health professionals nor did they provide supplementary education [7, 8] . Additionally, most interventions were not able to respond to patient concerns in real-time [8, 9] .
In general, in patients with cancer-related pain, frequent monitoring of their pain, side effects, and analgesic intake with personalized feedback seems valuable [10] . In the last few years, new technical possibilities have been developed to improve patient support, like online education about pain and analgesics to decrease patient-related barriers, and an eConsult function, like a chat or email function within a secured environment, to enhance the communication between patients and health professionals [6] [7] [8] . It is possible to combine these functions into a web application; however, hardly any study ever used a multimodal application. We therefore developed an internet application in which a patient pain diary, a patient education module, and an eConsult module were integrated. The aim of this study was to investigate whether internet monitoring of cancer-related pain in outpatients using the integrated web application was feasible. Secondary, we studied the course of patients' pain intensity during the first 6 weeks of the internet monitoring and evaluated patients' opinion about the web application.
Methods
The current study is a prospective cohort study to evaluate the development and thereafter, the feasibility of a multimodal web application in outpatients with cancer-related pain.
Development of the web application
For this study, we established a multidisciplinary project group, consisting of a medical oncologist, palliative care nurse specialists, a palliative care nurse researcher, and a personal health record (PHR) developer (www.myhealthmonitor.eu). The chief medical information officer and a hospital ICT consultant were involved as advisors.
The project group decided to develop a web application (www.pijn-kanker.nl) that can be used on different electronic devices, thereby enabling patients to use what they prefer, e.g., a PC, a laptop, a tablet, or a smartphone [11] .
Based on the experiences in our earlier studies [1, 10, 12] and after unstructured conversations with both health professionals and patients to evaluate their experiences with pain management in daily practice at the day care clinic, the project group decided that the web application should contain at least three components: (1) pain diary to monitor patients' pain, side effects, and analgesic intake, (2) pain education module to enhance patients' knowledge, and (3) eConsult module to enhance the communication between the patient and the health professional.
Diary
As patients gave us the feedback that they did not want to be remembered that they had cancer when they were at home, the premise was that the diary should be as short as possible, but contained enough information to be able to monitor these patients [13] . In the pain diary, patients scored their pain intensity and their analgesic use daily and their side effects twice a week ( Table 1 ). The diary was accessible the whole day, so patients were free when to complete their diary. Pain intensity was measured with a numeric rating scale (NRS) from 0 (no pain) to 10 (worst pain imaginable) [14] . The nurse specialist entered the prescribed analgesics as recorded in the electronic patient record, into the web application. Hereby, patients saw a personalized schedule of their prescribed analgesics in their diary. Every day, patients could register whether they had used their around-the-clock analgesics in the last 24 h and how many of the as-needed analgesics they had taken in these 24 h (Table 1 ). To make sure that the prescribed analgesics were kept up to date, the last question in the diary was BHas a physician changed your prescription for analgesics in the last 24 h?^When this question was answered positive, they got a message to send an eConsult with the details. The experienced opioid-related side effects were assessed using a categorical scale (none, mild, moderate, severe) ( Table 1 ). All data were summarized in a table and also made visible in a composite graph.
Patient education module
Tailored web-based patient pain education was made available for all patients [1, 10] . The main topics of this patient pain education were information about underlying reasons for pain, how to use the prescribed pharmacological pain treatment, side effects, and concerns and misconceptions related to pain and pain treatment (www.erasmusmc.nl/pijnbijkanker).
eConsult module
To enhance the communication between patients and health care professionals, we developed a secured email-like functionality within the web application. Nurse specialists could remind patients to complete their diaries or ask questions in response to the information in the diary. Patients could further explain their symptoms; but more importantly, in case of questions or uncertainties, patients could contact the nurse specialist via the eConsult. The nurse specialists answered these messages within one working day. All patients were informed that in case of an emergency they had to call their general practitioner or the hospital.
All the patient data were saved on secured servers conform the National regulations and with permission of our hospital chief medical information officer. The web application contained thresholds that generated alerts. Nurse specialists monitored the data based on an algorithm.
When patients gave answers outside a predefined acceptable range: scored their pain a 5 or higher, [15] scored their side effects moderate or severe, indicated that they did not use the prescribed analgesics, and answered that they had a new pain or when patients sent an eConsult, an email alert was sent to the nurse specialist who monitored that patient. Also when a health professional sent an eConsult to the patient, that patient got an email. The nurse specialist monitored all patients based on the email alerts; furthermore, they analyzed patients' situation once a week, using the weekly overview, a composite graph and summary table. When patients' pain management was inadequate, the nurse specialist contacted the patients via the eConsult, when more information was needed. First, they explained to patients how to deal with their pain and analgesics in their daily life. When necessary, the nurse specialists consulted the patient's own oncologist for advice. 
Preparation
The web application was pilot tested in three steps, and after every step, it was possible to adjust the application according to the guidance of the Medical Research Council [16] . First, we tested the application within the project group: to test whether the content of the application was as planned. Thereafter, three colleagues tested the application. As a result, we adapted the alerts. At first, the alerts were only visible within the web application. Based on this pilot, the alerts were emailed to the nurse practitioner who monitored that patient. Secondly, three chronic pain patients tested the application to study whether daily monitoring was possible; the content was clear to them and whether it was possible to login from home. As a result, we simplified the login. Patients' email address was used as their username, and patients had to create a password that adhered to the highest level of safety. Finally, we tested the web application in five patients with cancer-related pain. The central questions here were whether it was possible to include patients from the outpatient clinic and whether it was possible to monitor the patients as intended (Fig. 1 ).
Based on this pilot, we concluded that it was possible to include patients with cancer-related pain for this study and that the logistics worked well.
Cohort study
After the pilot study, we planned a cohort study to investigate whether it was feasible to monitor patients' pain using the web application in daily practice. Between August 2013 and August 2015, patients were recruited via the outpatient oncology clinic of the Erasmus University Medical Center. Patients were eligible when they had a diagnosis of cancer, had cancerrelated pain, were living at home, understood enough Dutch to use the web application, had access to the internet, and provided informed consent. When patient's care was transferred to their general practitioner or a local hospital, patients were asked to stop using the web application. Recruitment was conducted through the medical oncologists and the nurses working at the oncology day care unit. Informed consent was obtained from all individual participants included in the study. The investigator explained patients how to use the application, after which they were given a paper-copy user manual with screenshots. Patients were informed that their data would be used for this feasibility study. They could use the system for as long as they preferred, unless care was transferred to another setting. During the study, patients were monitored by nurse specialists' palliative care. When necessary, they contacted patient's own oncologist to discuss whether changes in pain treatment were required.
Various data were collected from the web application for this study: the percentage of diaries patients completed (feasibility), pain assessments, the frequency in which analgesics were changed, and the number of eConsult conservations. A random sample of 11 patients was semi-structured interviewed after 6 weeks, to get an insight in the usability of the web application and patients' satisfaction.
Data analysis
For this study, we considered the internet application feasible when 70% of the patients completed the diary for at least 65% of the days, as measured during the actual follow-up in the first 6 weeks. Based on this, with a power of 0.90 and an α = 0.05, a total sample of 81 evaluable patients was required. When patients were admitted to the hospital, the data gathered during hospital stay were excluded from the analysis.
Data were analyzed using Statistical Package SPSS version 22. The data during the first 6 weeks were used for the study of the feasibility; additionally, we studied the total period patients used the application. Descriptive statistics and frequency distributions were generated for patients' demographic and diary-related characteristics. To determine the differences in the pain intensities between baseline and 6 weeks, we used non-parametric tests (Wilcoxen Signed Rank test). A p value of < 0.05 (twosided) was considered statistically significant.
All interviews were audiotaped and were transcribed verbatim. We performed the analyses using the constant comparative method. The themes were independently derived from the interviews by two researchers independently.
Results
In total, we included 100 patients. Sixteen of them (16%) were not evaluable because they were too ill to start the study (n = 10), withdrew participation (n = 2), had language/cognitive problems (n = 2), or internet problems (n = 2; Fig. 1 ). Characteristics of the 84 evaluable patients are summarized in Table 2 . The median age was 61 years (range, 25-76 years) and 48% was male. Most patients (84%) had advanced cancer, predominantly breast (25%), gastrointestinal (26%), or urogenital carcinoma (16%). Ninety percent used strong opioids around-theclock, 95% had a prescription for as-needed opioids, 87% had a prescription for non-opioids, and a third also used an adjuvant analgesic (Table 2) .
During the first 6 weeks, patients completed a median of 72% of the diaries (range, 18-100%). Sixty percent of the patients (confidence interval (CI) 45-69%) completed their diary for at least 65% of the days. Patients did not complete their diaries every day. The main reasons for this were that they forgot it, had no or not so much pain, or were out for a day trip. In this period, 40 patients stopped using the web application due to several reasons: physical deterioration or death (n = 26), cognitive problems (n = 5), no pain anymore (n = 4), transition of care (n = 3), and refusal (n = 2; Fig. 1 ). Patients completed a median of 21 diaries (range, 3-42) and asked for a median of five eConsults (range, 0-37). Patients most frequently used an eConsult for questions about pain, side effects, how to use their analgesics, and how to improve their self-management. Analgesics were changed twice (range, [1] [2] [3] [4] [5] [6] [7] [8] .
In the 48 patients with both a pain registration at baseline and at 6 weeks, current pain intensity decreased from 3.3 (SD = 2) to 2.5 (SD = 1.6; p = 0.005), and worst pain intensity decreased from 5.7 (SD = 2) to 3.8 (SD = 2.0; p < 0.001; Fig. 2) .
Overall, patients used the web application during a median of 45 days (range, 1-545; Fig. 1 ), in which they completed a median of 29 diaries (range, 1-396). Patients asked for a median of five eConsults (range, 0-58). Analgesics were changed thrice (range, 1-11).
Patients were very satisfied using the web application (Table 3 ). Almost all patients were able to use the web application by themselves. Especially when patients became very ill, some spouses used the web application for the patients. 
Discussion
In daily practice, internet monitoring of pain seems to be feasible in most patients with cancer-related pain. Although we did not meet our primary endpoint of 60%, instead of the predefined 70%, the patients completed the diary for at least 65% of the days. The frequent use of the pain diary in the majority of patients indicates that those patients did not perceive barriers for the frequent assessment of pain and side effects. Especially eConsults were frequently asked, probably enhancing patients' self-management. Moreover, during the first 6 weeks, patients' pain intensity decreased significantly. However, in daily practice, patients did not complete their diaries every day. In the first 6 weeks, patients completed a median of 72% of the diaries, calculated over the actual period of patient follow-up. Patients were very positive about the web application and were satisfied with the time needed to complete the diary.
A multimodal web application is recommended for daily practice, because patients have different needs in supporting their self-management [17, 18] . Patients may decide for themselves which kind of support they prefer to use at a specific moment. Some patients of the current study preferred the eConsult, to have a direct connection with a health professional. Other patients used the diary for a prolonged period (396 days). They also used the composite graph and summary table to have an overview over the last period to enhance their self-management. For example, after having a look at the summary table, one of the patients asked himself why he needed extra as-needed analgesics every Tuesday. He realized himself that the Tuesdays were too busy, and after adjusting his daily activities, his pain decreased and he did not need any extra analgesics anymore. Therefore, the web application SD standard deviation, MEDD morphine equivalent daily dose, mg milligram Table 3 Patients' opinions on feasibility, usability, and satisfaction with the web application Web application -All patients were positive about the web application -Preference for different electronic devices: elderly patients preferred to use a PC or tablet (easier to read), while younger patients preferred a smartphone -1 patient had occasional difficulties log in due to technical problems -None of the patients had suggestions for adjustments Content -Home screen was very clear -User manual gave confidence to use the web application -Satisfied with the time needed to complete the pain diary (< 3 min) -Inconvenient that it was not possible to complete the pain diary afterwards -eConsult module had an added value -eConsult module had a lower threshold than a phone -Web application gained better support and communication 
Pain intensity
Current pain intensity Worst pain intensity Fig. 2 Course of patients' pain intensity seems feasible in daily practice, although not all patients completed their diaries every day. Despite the fact that our included patients scored their pain as mild at baseline, their pain intensity decreased significantly during the first 6 weeks of the monitoring. Although this study was primary conducted to investigate the feasibility of the web application in patients with cancer-related pain, it is important that we also were able to show a significant change in a patient-reported outcome measurement such as pain. Most studies concerning eHealth and (web) applications did not measure any patient-reported outcome, or when they did, they did not find any difference [6] [7] [8] .
We have chosen to develop a web application which can be used on multiple devices interchangeably (e.g., PC, laptop, tablet, or smartphone), allowing patients to use the device they prefer. In this study, elderly patients mainly used a tablet and younger patients (< 35 years) preferred a smartphone. Most other studies concerning electronic symptom monitoring used a single device, mostly a PC or laptop [7, 8, 11] . Taylor et al. were the first who tested participants' preferences for the different modes in healthy volunteers [11] . Most people preferred the PC although it is less portable than the other devices. Short messaging service (SMS) was scored less appealing due to the costs and the inability to enter free text. Scrolling through the questions was cumbersome on particular smartphones and to a lesser extent on tablet computers [11] . They concluded that persons' preference for a particular device may be situation dependent, and therefore, future systems should enable various devices to be used exchangeable [11] , as we did in our study.
Strengths and limitations
As all studies, this study has several limitations. We do realize ourselves that this kind of symptom monitoring is not possible for all patients, because not everyone has access to the internet. However, in the Netherlands, 97% of the citizens and 85% of the people > 65 years have access to the internet [19] . Although we intended to include a representative sample of our ambulatory patients with cancer-related pain, we actually included a group of patients in the palliative phase of their disease with a short life expectancy, as is evident from the reasons why patients dropped out during follow-up. In addition, we only interviewed a random sample of the included patients to evaluate their opinion on the web application. In future studies, all patients should be evaluated structurally about their views. Besides this, in future studies, the feasibility should also be structurally evaluated in professionals. Furthermore, it is questionable whether only the questions from the diary are enough to monitor these patients. However, as shown in this study, the eConsult module has an added value to further personalize patients' monitoring. We showed a decrease in patients' pain intensity in the cohort study. A future RCT should demonstrate whether this reduction in pain intensity persists when compared with a control group.
Conclusion
Monitoring of pain via the internet is feasible in patients with cancer-related pain. In the future, it is important to investigate the efficacy and the cost-effectiveness of the web application in a randomized controlled trial.
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